Acute cholecystitis is a common disease process that presents in a spectrum of severity where acute disease may be complicated by severe inflammation, gangrene, and perforation. There have been several attempts at developing an evidence-based grading scale to create a standardized system for characterizing disease severity. [1] [2] [3] [4] [5] The first modern grading scale for acute cholecystitis was published in the Tokyo guidelines in 2007 and was further revised in 2013. 1 2 The Tokyo guidelines classify acute cholecystitis into mild, moderate, and severe categories based on patient physiologic response including leukocytosis, local inflammatory response, and end-organ dysfunction. For example, severe cholecystitis was described as acute cholecystitis associated with end-organ dysfunction. The primary goal of the Tokyo guidelines was to establish diagnostic criteria for acute cholecystitis to guide clinical management. [1] [2] [3] A recent German study also outlined a preoperative scoring system for acute cholecystitis based on preoperative patient risk factors including age, sex, American Society of Anesthesiologists class, gallbladder wall thickness, body mass index, white blood cell count, and C-reactive protein. They found that their scoring system correlated with length of stay, and length of operation, but was not associated with complication rate or conversion to open procedure rate. 4 The American Association for the Surgery of Trauma (AAST) also introduced a grading scale for acute cholecystitis based on anatomic variables in their scoring system for emergency general surgery conditions. 5 6 This system uses clinical, imaging, operative, and pathologic criteria to quantify the severity of acute cholecystitis on a scale from 1 to 5 and, contrary to the Tokyo guidelines, excludes physiologic parameters. Grade 1 is acute cholecystitis and grade 2 is gangrenous or emphysematous cholecystitis. Grades 3-5 describe gallbladder perforation with local contamination, abscess or fistula, and generalized peritonitis, respectively.
Vera et al were the first to attempt to validate the AAST scoring system in 2017. 7 They found that only 6% of patients fell into grades 3-5 and no statistical differences in complications were identified between grades 1 and 2. 7 However, the length of stay, hospital readmission, and death all increased with increasing anatomic grade (3) (4) (5) . Postoperative complications were not significantly associated with AAST grade, likely because most patients were clustered into the lower grades.
Given the heterogeneity and complexity of the aforementioned attempts at grading acute cholecystitis, the goal of this study is to outline a simplified, evidence-based grading scale for the acute care surgery (ACS) community that uses anatomic criteria to predict patient outcomes after laparoscopic cholecystectomy (LC). 
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MeThods
A retrospective review was performed on patients undergoing cholecystectomy for acute cholecystitis from October 2011 through July 2015 at Community Regional Medical Center, a 650-bed tertiary-care and safety-net hospital in Fresno, California.
The study was performed with the approval of the Institutional Review Board of Community Medical Centers and UCSF Fresno. The study population included patients who were admitted from the emergency department to the ACS service with a diagnosis of acute cholecystitis who underwent laparoscopic cholecystectomy. Patients who underwent elective cholecystectomy, incidental cholecystectomy, a planned open cholecystectomy, had gallstone pancreatitis, choledocholithiasis, and those admitted to a non-surgical service were excluded from the study.
Data collected included the following: age, gender, presence of preoperative systemic inflammatory response syndrome (SIRS), length of operation, hospital length of stay, and cost of hospitalization (total cost to the hospital). SIRS was defined as presence of at least two of the following criteria present before surgery: temperature less than 36°C or greater than 38°C, white blood cell count less than 4000 or greater than 12 000, heart rate greater than 90 beats per minute, and/or respiratory rate greater than 20 breaths per minute. 8 Severity of disease was identified from operative and pathology records, and patients were classified according to the following scale:
Grade 1: symptomatic cholelithiasis (ie, no gallbladder inflammation).
Grade 2: acute cholecystitis. Grade 3: gangrenous/necrotizing cholecystitis. Grade 4: gallbladder perforation or abscess. The primary outcomes of interest were overall length of stay, conversion to open cholecystectomy, rate of complications, and cost of hospitalization in relation to the various grades of the proposed scale. Cost data were obtained from hospital financial records and included the cost to the hospital for the patients' entire stay and operative procedure but did not include surgeon and anesthesia fees. The AAST grade was also determined for all patients.
Continuous data are presented as mean±SE of the mean and were analyzed using Kruskal-Wallis tests. Pairwise comparisons were done with post hoc Dunn-Bonferroni tests. Categorical data are reported as percentages and were compared with χ 2 analysis. Statistics were performed using the Statistical Package for Social Sciences (SPSS V.23.0; IBM, Armonk, NY, USA) with significance attributed to a p value <0.05.
resuLTs
During the study period, 1252 patients with a preoperative diagnosis of acute cholecystitis, who underwent laparoscopic cholecystectomy, were seen at our institution. Of these, 575 patients who underwent elective cholecystectomy, incidental cholecystectomy, a planned open cholecystectomy, had gallstone pancreatitis, choledocholithiasis, and those admitted to a non-surgical service were excluded from the study. The remaining 677 were included in analysis.
The most common grade was grade 2, which was present in 80% of patients, followed by grade 3, which was found in 16% of patients. Grade 4 cholecystitis occurred in 1.2% of patients and grade 1 occurred in 3.2% of patients. When applying the AAST grading scale to this patient population, 96% of patients fell into grade 1 or 2. Only 1% of patients were grade 3, one patient was grade 4, and no patients were grade 5.
There were statistically significant increases in age, presence of preoperative SIRS, hospital length of stay, conversion to open rate, cost of hospitalization, and length of operation with increased cholecystitis grade (table 1 and figure 1 ). Pairwise comparisons between cholecystitis grades for these variables are shown in table 2.
There was a strong association between male gender and gangrenous cholecystitis. While approximately one quarter of patients who had grade 1, 2, and 4 cholecystitis were male, 56% of patients with grade 3 cholecystitis were male, which is significantly higher than the other grades (p<0.001).
dIsCussIon
Grading cholecystitis by anatomic criteria can be useful for predicating outcomes after laparoscopic cholecystectomy, as morbidity is related to anatomic criteria. Several grading scales have been proposed, the most recent of which is the AAST grading scale; however, most of these scales are heavily skewed to lower grades. Therefore, the goal of this study was to create a cholecystitis grading system that is predictive of outcomes and allows for a more equal distribution of patients.
The scale used in this study begins with patients having symptomatic cholelithiasis. Oftentimes, these patients may present with severe nausea and vomiting and inability to tolerate anything oral intake, but may or may not have the objective findings of cholecystitis such as leukocytosis, gallbladder wall thickening, or abnormal liver function tests. At operation, these patients often have a normal-appearing gallbladder. This population accounts for a significant number of patients who undergo urgent cholecystectomy and may represent a very early manifestation of cholecystitis caused by prolonged cystic duct obstruction. As a result, this is an important group to categorize on the spectrum of severity of cholecystitis and accounted for 3.2% of our patient population.
Gangrenous cholecystitis is a relatively uncommon diagnosis which accounts for substantial morbidity in this disease process. It is more common in elderly patients, diabetics, those who delay seeking medical care, 9 and when compared with the other grades of cholecystitis, is significantly more common in men. Gangrenous cholecystitis occurs in up to 20% of patients with cholecystitis and accounts for 16% of patients in this cohort. 9 When applying to the AAST grading scale to the patient population in this study, patients were heavily skewed to grades 1 and 2, with less than 5% of patients in grades 3 and 4, and no patients in grade 5. This skew toward lower grades is likely related to the contemporary management of acute cholecystitis, where early recognition and treatment is the standard of care, which leads to prevention of more severe cholecystitis (eg, gangrene, abscess, perforation). [10] [11] [12] [13] [14] Additionally, grades 3-5 of the AAST scale describe the various manifestations of gallbladder perforation, which is exceedingly uncommon, accounting for up to 2% of patients with cholecystitis and only 1.2% of patients in this study. 9 This makes the AAST scale unreliable at predicting outcomes as it lumps the earlier manifestations of cholecystitis into one grade and splits the uncommon gallbladder perforation into three separate grades. As a result, the proposed grading scale in this study combined all perforations into one category, making it more accurate at predicting outcomes than the AAST scale.
Limitations of this study include its retrospective design, which may lead to selection and information bias. Additionally, this is a single-institution study, which may not completely reflect the general population. A prospective multicenter study could effectively validate this proposed grading scale.
The goal of this study was to outline a grading scale that reflects the spectrum of severity of acute cholecystitis in a way that can predict patient outcomes. The proposed grading scale demonstrates an increase in hospital length of stay, conversion to open, cost of hospitalization, and length of operation with increases in cholecystitis grade.
